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Expressed sequence tags (ESTs) provide useful molec- 
ular landmarks for physical mapping and identify the 
position of an expressed region in the genome. The use 
of subtracted cDNA libraries enriched for tissue-spe- 
cific genes as a source of ESTs should reduce the repeti- 
tive isolation of constitutively expressed sequences. We 
report here the sequence tags from the 3’-end region of 
58 new directionally cloned cDNAs from a subtracted 
human retinal pigment epithelium (RPE) cell line li- 
brary. Eight of the cDNAs have been assigned to human 
chromosomes using PCR-based EST assays. Chromo- 
somal mapping of subtracted RPE cDNA clones may 
also help in identifying candidate genes for inherited 
eye diseases. 0 1992 Academic Press, Inc. 
Short stretches of unique DNA sequences (sequence- 
tagged sites, STSs) define landmarks on the genome and 
can be used effectively for physical mapping strategies 
(5). STS mapping is now recognized as a prerequisite for 
generating large contig maps (3). In addition to provid- 
ing the same information as genomic clones, the tagged 
sequence sites from cDNA clones (expressed sequence 
tags, ESTs) also mark the position of an expressed gene. 
The availability of unbiased and high-fidelity direc- 
tional cDNA libraries with defined orientation should 
maximize the output of ESTs. The sequence from the 
3’-region of a cDNA frequently has no introns and shows 
significantly higher polymorphism between species and 
within different members of a family. Therefore, PCR 
primers from this region are useful for chromosomal lo- 
calization (12), for developing polymorphic markers us- 
ing single-strand conformation polymorphism (SSCP) 
analysis (6) or denaturing gradient gel electrophoresis 
(4), and for determining the expression pattern of tagged 
cDNA. The sequence near the poly(A) can also serve as a 
reference point for comparing various ESTs. Adams et 
al. (1) isolated 348 random ESTs from a brain library. 
However, this strategy is only useful in the early stages 
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of constructing the expression map of the human ge- 
nome because of the repetitive isolation of highly repre- 
sented and constitutively expressed genes for house- 
keeping functions and because of the developmental and 
tissue-specific expression of many genes. To reduce the 
redundant efforts and to obtain a complete expression 
map, the cDNA libraries from human tissues may be 
enriched for specific genes by subtraction cloning (2, 8, 
11). We have generated subtracted human retina and 
retinal pigment epithelium (RPE) cell line cDNA librar- 
ies by eliminating most of the constitutively expressed 
genes using a biotin-based procedure (11). Identification 
of ESTs for 58 novel cDNAs from the subtracted RPE 
library and chromosomal localization of 8 of these clones 
using polymerase chain reaction (PCR)-based EST as- 
says are reported here. 
A versatile phage vector, Charon BS, has earlier been 
described for the preparation of directional cDNA li- 
braries and their efficient transfer to Bluescript plasmid 
(10). Because of a simple linker-ligation strategy, most 
cDNA clones in Charon BS libraries contain a stretch of 
dAs at their 3’-end (generally from the poly(A) tail). Di- 
rectional and size-selected cDNA libraries for more than 
10 human tissues and cell lines have been generated in 
this vector (A. Swaroop, unpublished data). The fidelity 
of these libraries was evaluated by isolating cDNA 
clones for both known and novel genes. Using a biotin- 
based procedure, a human RPE cell line (0041) cDNA 
library was enriched for specific clones by subtraction 
against a mixture of RNA from fetal eye and JY lympho- 
blastoid cDNA libraries (11). The expression analysis of 
over 25 random cDNA clones from the subtracted li- 
brary revealed that more than 80% of these are not de- 
tected in the JY library, and at least 4 newly identified 
clones are expressed only in RPE (N. Agarwal, L. Gieser, 
M. DelMonte, and A. Swaroop, manuscript in prepara- 
tion) . 
To generate ESTs from the 3’-ends, random cDNA 
clones from the subtracted RPE library (in Bluescript 
plasmid) were sequenced with T3 primer using the di- 
deoxy chain-termination method, as described (9). The 
comparison of 108 cDNA sequences to GenBank (Ver- 
sion 69.0) and EMBL (Version 28.0) databases using 
FASTA (7) showed no cDNA clone with entirely repeti- 
tive sequence, polyadenylate insert, or mitochondria- 
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encoded sequence. Of these cDNAs, 36 represent 28 
unique clones that are identical to human genes or are 
the human homologs of vertebrate genes (Table 1). 
Eleven cDNAs are partially homologous to human re- 
peat sequences or to ribosomal RNAs. Among the 61 
clones with no homology to databases, only 3 were ob- 
served twice. The sequences of 58 new cDNA clones 
have been submitted to the GenBank Data Library. 
The sequence information from eight of the new 
cDNAs was used to design the PCR primers using the 
OLIGO primer analysis software (National Biosciences, 
Plymouth, MN). The oligonucleotides, synthesized on a 
DNA synthesizer (Applied Biosystems), were used with- 
out purification. The PCR amplification was performed 
using the Gene-Amp kit and a thermocycler from Per- 
kin-Elmer/Cetus. Annealing conditions (shown in Ta- 
ble 2) yielding a human-specific product were optimized 
before somatic cell hybrid analysis. The amplification 
products were visualized by ethidium bromide staining 
after agarose gel electrophoresis (NuSieve 3:1, FMC Bio- 
products, Rockland, ME). DNAs from somatic cell hy- 
brid panels (1 and 2) were purchased from NIGMS re- 
pository (Camden, NJ). The description of the hybrids is 
provided in the catalog of the repository. Each of the 
EST primer pairs was used to amplify a human-specific 
product from the DNAs of a panel of 18 human-rodent 
Clone name 
TABLE 1 
Similarity of ESTs to Genes in GenBank/EMBL Databases 
Identification Organism Accession No. Redundancy 
Chromosomal 
location 
AA2, LG29 Cystatin C (CST3) Human 

























Rat sperm membrane protein (YWK-2) 




kinase substrate (MARCKS) protein 
Proliferating cell nuclear antigen (PCNAJ, Human 
Cyclin 
LG48, LG87 DNA binding protein B (dpb B), Y box Human 
LG49 
LG68 
binding protein-l (YB-1) 
Pre-mRNA splicing factor SF2p32 
Glyceraldehyde 3-phosphate dehydrogenase 
Human 
Human 
LG75, LGlOO Apoferritin H Human 
LG81 Prothymosin-a (ProT-o) Human 




Unidentified liver protein 
LL Rep 3 








Platelet glycoprotein Ib p chain 
P-Galactoside-binding lectin 
3-Alkyladenine DNA glycosylase (HAAG) 





LG185 Clathrin light chain LY Human 
LG192 
LG194 
Acidic ribosomal phosphoprotein, PO 



















































1 Xp22.32, Ypll.3 
1 lp31-p32 
1 19q13.3-qter 
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TABLE 2 
PCR Primers, Conditions for Amplification, and Chromosomal Localization of Expressed Sequence Tags 
Annealing 
Clone D number Product size temperature dNTPs Chromosomal 
name (GenBank No.) Primer sequence (bp) (“C) (ILM) location 
AA12 DllS869E A: AGT GAT CTC TGA GAA AAG GG 277 57 80 11 
(M91217) B: ATA TTG TGA ATG ACT AGG G 
AA20 DlOSlSlE A:CAGTGTCAGACACGTTATATTTG 271 55 80 10 
(M91221) B: AGC TTT CTC TCA GTG TTC TGG C 
AA26 D19S205E A: ATC CGG ATG TCC AGA GCC ACA G 206 57 80 19 
(M91222) B: CGA GAA GCA TTC CAC TTT GTA GC 
AA29 D20S76E A: CAA AAA CAG GAA GCA GGC ACG 215 60 200 20 
(M91392) B: GCT GTC ACC ACT TGG TCA GAA 
AA32” D7S469E C: AGT TAC TTT AAC CTG CAC GGG TTC CG 201 60 200 7 
(M91387) E: TCG GGC ATC CTG TGT CGC TG 
AA35 D3S1231E A: GAC TTT ATT TAG TTC CTT TGG 196 50 200 3 
(M91388) C: TAC AGA TGC AGC CAC AGA TTG 
AA36 DlS174E A:ACTCCCTTTCCTCTTGAGGCTG 223 58 80 1 
(M91389) B: GAC AGG ACC ATA CCC TCT TTG 
AA38” D21S249E A: TAG GTG TCG GGA CTG CTC TGC 2800 57 200 21 
(M91390) B: CAG CTG GTT CGG GCT GTG ACG 
Note. M&l, concentration 1 mM, except 2 mM for AA12 and 3 mM for AA38.50-~1 reactions, Amplitaq 1.25 U/rxn, primer concentration 0.2 
PM, DNA template concentration 100 ng/rxn. 
a 200 ng/rxn template DNA. 
somatic cell hybrids (panel 1). Monochromosomic hu- 
man-rodent hybrid panel 2 was used only to confirm the 
localization of AA38 cDNA. The presence or absence of 
the human-specific PCR product was then correlated 
with the content of human chromosomes in that particu- 
lar hybrid, and an EST showing no discordancy was 
then assigned to a particular chromosome. The results of 
the chromosomal mapping studies and the D-number 
assignments for the eight new cDNAs are also shown in 
Table 2. 
The major problems in developing a complete EST 
map of the human genome are the poor quality cDNA 
libraries and repetitive isolation of constitutively ex- 
pressed genes. High quality cDNA libraries enriched for 
tissue-specific genes by subtraction cloning can mini- 
mize the redundant efforts and should provide an excel- 
lent source for generating new EST markers. The se- 
quence tags for 58 new cDNA clones from a subtracted 
RPE library are reported here. The sequence analysis 
confirms that most of the constitutive genes have been 
eliminated by subtraction. Several of the known genes 
listed in Table 1 appear to be involved in cell growth and 
proliferation and are probably expressed in the RPE cell 
line but not in the tissue in vivo. 
The chromosomal localization of ESTs using PCR as- 
say provides valuable information for physical and ge- 
netic mapping studies. Eight of the new cDNA clones 
(ESTs) that are mapped in this study can now be used 
for sublocalization on a particular chromosome. We 
were unable to assign three additional ESTs to human 
chromosomes because of a similar size amplification 
product from the rodent DNA in the human-rodent so- 
matic cell hybrids. Isolation of new ESTs from the sub- 
tracted RPE and retina libraries and their chromosomal 
localization should provide markers for physical map- 
ping and may facilitate the identification of candidate 
genes for eye diseases. 
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